Estimation of the level of risk of faecal contamination of shellfish harvesting areas is undertaken by monitoring faecal indicator bacteria in seawater samples under the United States programme and shellfish flesh samples under the European Union (EU) programme. Determining the relationship between the two approaches is important for assessing the relative level of public health protection and regulating international trade. The relationship was investigated using both statistical modelling and simple compliance assessment on large international data sets of paired seawater and shellfish samples. The two approaches yielded the same conclusions: EU class A is more stringent than the US Approved category for all species; the US Restrictive standard is more restrictive than EU class B for some bivalve species. Therefore, the classifications under the two programmes are not exactly equivalent.
MATERIALS AND METHODS
The data used in the analyses were derived from official monitoring programmes and had been provided by the authorities responsible for the programmes. The studies had been undertaken over an extended period of time. Samples had been taken according to the protocols under the relevant programme and submitted to the official laboratories responsible for testing the samples for that programme. All 
The performance characteristics of individual methods
were not supplied with each data set: lower limits of detection (LoD) were inferred from the data.
All data were presented as paired results of either faecal coliforms or E. coli in water and shellfish matrices, each pair being from samples taken at approximately the same time and location. Previous examination of a UK data set at Cefas had shown that the median faecal coliform to E. coli ratio was 1.00 for bivalve shellfish (n ¼ 13,058); independently, the Environment Agency in England and Wales has determined that faecal coliform and E. coli concentrations in seawaters are broadly equivalent (Environment Agency ). In the present work, the values for both indicators were assumed to be equivalent.
Sampling within each programme had not been undertaken according to a statistical design for environmental Conditionally restricted areas may be declared where these are subject to predictable contamination events: such areas are closed for harvesting during contamination events and for a period afterwards to permit natural cleansing. e Considerations other than the concentration of contaminants may be used to declare an area prohibited. covariates but was assumed to have been undertaken at random across a range of conditions. The date ranges of sampling varied between the different sets and also within some of the sets with respect to the areas and bivalve species.
Not all bivalve species were represented in each data set.
EU data set
The original EU data set was available as a series of commaseparated values (.csv) text files and covered five EU countries The data were screened to remove results that were not identified to sampling site and to remove sites for which there were fewer than 10 pairs of results. This left 69 sites across three countries: France (21), The Netherlands (2) and UK (46). Where sites had data for more than one species, the few measurements for the minority species at a site were discarded.
US data set
The US data were supplied to the authors in 2010 in an Excel spreadsheet with paired samples identified to sampling site. They originated from several studies undertaken between 1963 and 1996. Rows that did not contain paired values were omitted and then sites for which there were fewer than 10 paired results were excluded. The data set contained only faecal coliform results.
Combined data set
The EU and US data sets were concatenated and a separate data set from New Zealand (mussels: species not given) was also included. No sampling dates were given for the New Zealand results but they had been provided for the original EU study (European Commission ). The final combined set contained data for 1,564 paired observations at 58 separate stations in five countries -France, The Netherlands, New Zealand, UK and USA -with at least 10 paired results per site. A summary of the number of paired results by country and species is shown in Table 3 .
Data were requested from environmental sampling, not from laboratory studies. It is assumed that all data complied with this requirement. Inclusion of data from laboratory studies (e.g. microcosm experiments) or purification systems would potentially bias the outcomes.
Treatment of faecal coliform and E. coli results
Previous analysis of a large number of paired faecal coliform and E. coli results from shellfish samples showed a median ratio of 1 for the two faecal indicators. The data for both indicators were therefore treated as equivalent in the present analyses and where a mixed data set has been used the outputs are identified as E. coli in the results section. 
Treatment of censored values
Some of the data sets reported censored values as the respective lower or upper limits of detection (i.e. not adjusted). In the US data set, at least a proportion of these had been adjusted by increasing or decreasing the relevant limit of detection by one significant number. In none of the data sets were censored values explicitly identified as such. It was therefore decided to use the data sets as supplied.
Assumptions about statistical distributions
The 
Logistic regression
These analyses were undertaken on the EU data set; 90%-ile E. coli (or faecal coliform) values were empirically estimated for the water results at each site. Percentage compliance of the shellfish results at each site was determined against 230 E. coli/100 g (for class A) and 4,600 E. coli/100 g (for class B). Weighted logistic regression (fitted as a generalized linear model using Stata version 11 (Statacorp )) was undertaken of percentage compliance (separately for classes A and B) at each site against the 90%-ile E. coli value in seawater at that site. Separate models were determined for each of the three 'species' and for all species combined.
Compliance comparison
Compliance assessment was undertaken on the combined data set using the following criteria. (ii) Restricted: geometric mean 88 FC or E. coli/ 100 mL and 90%-ile 260 FC or E. coli/100 mL.
(iii) Not approved or restricted: geometric mean >88
FC or E. coli/100 mL and/or 90%-ile >260 FC or E. coli/100 mL. 
RESULTS

Assessment of the combined data set
A number of different bacteriological methods had been used to enumerate the faecal indicators across the various countries: these were dictated by national or programme requirements. Some of the US results for faecal coliforms in Mercenaria mercenaria had been obtained using an investigative method which did not conform to the method specified in the NSSP. Each data set contained a concentration of results at one or more low values.
One interpretation is that these values correspond to the lower limits of detection for the test as used for that data set. Inspection of the combined data set led to the conclusion that the lower limit of detection (in particular)
for both the water and shellfish testing varied between subsets of the data (by countries or US states, by year and even by date/sample). These factors complicated analysis of the data and logistic regression analysis was confined to the EU data set. The combined data set was only used for the practical compliance assessment element of the study.
Logistic regression
Figures 1 Predicted compliance with 4,600 E. coli/100 g for areas meeting the US Restricted standard was generally higher than the 90% required in EU food hygiene legislation and ranged from equivalence for mussels to markedly higher compliance for C. gigas.
Comparison of actual compliance: combined EU and US data set
All species Table 6 shows the number of sites that would have met the individual US and EU classifications on the basis of assessment of water and bivalve results, respectively. The areas Table 7 shows the results of the compliance assessment broken down by species. Five of the six site/species combinations that showed Approved but not class A compliance were mussels. Conversely, a greater proportion of the Crassostrea sites (both species) showed class B compliance while not conforming to US Approved or Restricted.
Individual species
DISCUSSION
The conclusions of earlier work, using logistic regression analysis based on assessment against the US geometric mean specifications, were that EU class A was broadly equivalent to US Approved and that EU class B was broadly equivalent to US Restricted (European Commission ). The results presented here, using the same statistical approach on the same data set, but judging US compliance on the basis of the 90%-ile specifications, indicates that compliance with the US 90%-ile water standard will not necessarily result in bivalves meeting the EU class A standard. With regard to species, the highest predicted compliance with class A was shown by C. gigas and the lowest by mussels. In contrast, the US 90%-ile water standard should result in bivalves meeting the EU class B standard: by species, the compliance should be equal to, or exceed, the EU requirement for class B, with mussels just complying (at 90%) and C. gigas easily complying (99%).
Determination of actual compliance under each system showed that sites conforming to US Approved status could fall into EU classes A, B or C (with the majority being class B) and most sites (12 out of 14) conforming to US Restricted status conformed to EU class B, with the others conforming to EU class C. These observations would suggest that EU class A is more stringent than US Approved status These differences reflect information on the relative con- 
CONCLUSIONS
1. EU class A is more stringent than the US Approved category for all species.
2. The US Restrictive standard is more restrictive than EU class B for some bivalve species.
3. The combined data set used for the present analyses has significant limitations. If there is a need for further comparisons between the two programmes, from the basis of the classification systems, there should be a targeted acquisition of new, appropriate data.
